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Abstract:
In this study, the cell lines HeLa, 3T3-Swiss albino, CHO-Kl, and ARPE-19 were
cultured and co-incubated with variable concentrations of S-phosphorylated thiols and Nacetylcysteine. Using MTT assays, the cultures were analyzed to determine the viability and
proliferation of the cultured cell lines. Additionally, the dose measurement of the I37
Cs Gamma
Source used in this experiment was calculated in order to prepare for future studies. Based on
the data from this experiment, further testing can be conducted to determine the effect that the
cell lines co-incubated with s-phosporylated thiols has compared to the control when exposed to
ultraviolet and gamma radiation. These tests give insight in the effectiveness that such
compounds have as radioprotectors and antioxidants. This study included understanding and
applying basic cell culturing techniques to culture the four different cell lines used in this
experiment.
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1. Introduction
Chemotherapy and radiotherapy are increasingly being used as treatments for many
forms of cancer. Recently, the treatment involves using higher doses of radiation. The idea is
that an increased dose has a more effective kill; however, this corresponds to a more effective
cell kill occurring in healthy tissue as well. For example, healthy tissues with cells that have a
high rate of proliferation, like the tissue of the GI tract, are very susceptible to this form of
damage [1]. Therefore, studies are being conducted using drugs that can be used to protect the
healthy tissue from the radiation in a way that will not benefit or protect the cancer cell; thus
allowing treatments to increase the dose of radiation therapy without the negative adverse effects
on healthy tissue. This type of compound is referred to as a radioprotector. The compounds in
this experiment are also classified as pro-drugs since they only become active once they are
taken up by certain tissue. In this case, these active drugs cannot be released from the pro-drug
by cancer cells but only by healthy cells because of the presence of alkaline phosphatase in
healthy cells. Therefore, only health cells can utilize the benefits of the drug [1,5]. Currently,
there is only one drug, WR2721, which is approved by the FDA to be used for cytoprotection for
healthy tissue. WR2721, also commonly known as amifostine, is effective, however there are
some negative side effects associated with the consumption of this drug [1,2,3].
There is considerable consensus in the literature that many human diseases result from
oxidative stress. Some of the main diseases include cancer [6,7], diabetes [8], and age-related
macular degeneration [9]. It is believed that radioprotectors are also characteristic for being
antioxidants, which is important because they are able to protect tissue from the damaging results
of this oxidative stress. With this application, combined with the new discoveries in
nanotechnology, it is possible to accomplish targeted antioxidant delivery in order to protect the
tissues that are directly at risk [10,11].
In order to study the cytotoxicity and efficacy of the S-phosporylated thiol compounds of
interest, it is first necessary to be proficient in the techniques of cell culturing. The basic
techniques of cell culturing are important and widely used in science research. The ability to
grow cells in vitro, under controllable conditions, is one of the most historical scientific
developments. Without the technique of cell culturing, research in all areas of science would be
greatly inhibited. In the most general sense, a cell culture can refer to any collection of cells
derived from an original tissue, a primary culture, a cell line or cell strain using either enzymatic,
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mechanical or chemical procedures to separate the cellular sample from the original in vivo
tissue. The proliferation, migration, and spreading of cells cultured in vitro is driven in an
environment that favors the expression of unspecialized cells. Therefore, it is important to
carefully control the many aspects of the environment in which the cells being cultured, so that
the cells will grow healthy, quickly, and with the desired characteristics [12]. Some ofthe
techniques used in this experiment included maintaining a sterile and healthy environment for
the cells to be cultured, preparing appropriate media for the different cell lines, growing the cells
by monitoring the medium and subculturing the samples, and freezing an ample amount of cells
for the use of the cytotoxicity and efficacy studies of S-phosphorylated thiols.
There were four cell lines cultured using the techniques discussed above for use of this
experiment, which included HeLa (CCL-2), CHO-Kl (CCL-61), ARPE-19 (CRL-2303), and
3T3-Swiss albino (CCL-92). Two of the cell lines are cancerous cell lines and two are noncancerous lines. These different types will be used as the experimental and control subjects for
the research to be conducted in the future. The cancerous cell lines are HeLa and 3T3-Swiss
albino. The HeLa cell line is an epithelial cell type that was derived from a 31-year-old African
American female that was diseased with adenocarcinoma. The 3T3-Swiss albino cell line is a
fibroblast cell type that was derived from a mouse. The two non-cancerous healthy cell lines
studied here were CHO-Kl and ARPE-19. The CHO-Kl cell line is also an epithelial type cell
that was derived as a subclone from the parental CHO cell line of a female hamster. Finally, the
ARPE-19 cell line is human epithelial cell type that was isolated from retinal pigmented
epithelium of a 19-year-old male [13].
Based on the above information there were two goals identified for this experiment.
First, it was necessary to optimize the tissue culture conditions for the cell lines, including HeLa,
CHO-Kl, and ARPE-19. Secondly, these cell lines were used to test the cytotoxicity of several
phosphorylated thiols in order to determine the safe dosage range (LDso). The data collected
from this experiment is necessary to conduct further study into the efficacy of the test
compounds synthesized and the ability to use them to protect the cultured cell lines from ionizing
radiation and UV damage.
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2. Materials and Methods
2.1 Materials:
HeLa cell line (CCL-2) purchased from ATCC
CHO-K1 cell line (CCL-61) purchased from ATCC
ARPE-19 cell line (CRL-2302) purchased from ATCC
3T3-Swiss albino cell line (CCL-92) purchased from ATCC
Dulbecco's Modified Eagle's Medium, DMEM (powder) from Invitrogen
10 % Fetal Bovine Serum, FBS (liquid) from Invitrogen
Ham's F12 (powder) from Invitrogen
5000u/ml Penicillin & 5000g/ml Streptomycin (both liquid) from Invitrogen
1% Benzalkonium Chloride for sterilization (0.1% Benzalkonium Chloride for water
bath)
0.25% and 0.05% (w/v) Trypsin-EDTA
Phosphate-buffered saline, PBS (NaCl8.5g, KCI 0.2g, Na2HP04, 12H20 2.85g, KH2 P04
0.27g, in 1L H20)
Dulbecco's Phosphate -buffer saline, PBSA (KCI O.2g,KH2P04 0.2g, NaCl8.0g,
Na2HP04 anhydrous 1.15g, CaCh.2H20 0.132 g, MgCh. 6H20 O.lg, H20 1L)
Glycine buffer (0.1 M glycine, 0.1 M NaCI adjusted to pH 10.5)
Coming Inc. culture dishes, 2mm Grid (60mm x 15mm style) from Invitrogen
Fisherbrand culture dishes, size 95mm x 15mm from Invitrogen
MTT Cell Proliferation Assay Kit from ATCC
Test compounds kindly donated by Dr. James Dillon, Dept. of ChemlBiochem at
Northern Illinois University
o WR2721 (amifostine): S-2-(3-Aminopropylamino)ethylphosphorothioic
acid
o WR77913 :Sodium hydrogen-S-(3-amino-2-hydroxypropyl)
phosphorothioate
o AET-P04
o N-acetylcysteine
Gamma Dose Measurement Solution: 1mmol/l ferrous ammonium sulfate, 1mmol/1
NaCI, and OAmo1/1sulfuric acid in distilled de-ionized water
VWR incubator
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Labconco Purifier Class II Biosafety Cabinet
Nikon Inverted Microscope
Castle Sterilizer
Sorvall Legend ++ Centrifuge
Ocean Optics UV-Vis Spectrometer
Gammator 137CSGamma Source
UV irradiator

2.2 Cell Culture and Cell Maintenance

Maintenance of Sterile Lab Environment:
While working in cellular biology labs, it becomes increasingly important to use aseptic
techniques and maintain a sterile environment in which the cells are handled and cultured.
Several precautions were taken to create an uncontaminated environment in this specific lab. For
example, all disposable utensils remained sterilized until used. Furthermore, any reusable
utensils were sterilized using the Castle sterilizer. Furthermore, the laboratory used was not
widely shared and maintained low traffic. The counter surfaces, as well as any utensils, bottles,
dishes, or any other materials were regularly cleaned with I% Benzalkonium Chloride solution, a
liquid antibacterial spray. This antibacterial was made by dissolving 109 of benzalkonium
chloride in IL of distilled water. Finally, all procedures that required any exposure of either the
medium, the components of the medium, or the cell cultures themselves were carried out in the
Labconco Purifier Class II Biosafety Cabinet [12].
Preparation of Medium:
For both the HeLa and 3T3-Swiss albino cell lines, the prepared medium, as advised by
American Type Culture Collection [13], was DMEM as a base medium with the following added
constituents: 10% FBS, 100U/ml Penicillin, and 100g/ml Streptomycin. The ratio of necessary
medium components was 88 parts DMEM, 10 parts FBS, and I part each of Penicillin and
Streptomycin.
For the CHO-KI cell line, the prepared medium, as advised by American Type Culture
Collection [13], was Ham's FI2 as a base medium with the following added constituents: 10%
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FBS, 100 v/ml Penicillin, and 100 glml Streptomycin. Similarly, the ratio of necessary medium
components was 88 parts Ham's 12, 10 parts FBS, and 1 part each of Penicillin and
Streptomycin.
For the ARPE-19 cell line, the prepared medium, as advised by American Type Culture
Collection [13], was a combination ofDMEM and Ham's F12 as a base medium with the
following added constituents: 10% FBS, 100 v/ml Penicillin, and 100 g/ml Streptomycin. The
ratio of necessary medium components for this particular medium was 44 parts DMEM, 44 parts
Ham's F12, 10 parts FBS, and 1 part each of Penicillin and Streptomycin.
To prepare these media, one packet of the base medium, either DMEM powder or Ham's
F12 powder, was dissolved in the correct volume of distilled water. The liquid was mixed
continuously as the powder was added gradually. Immediately after the powder was completely
dissolved, the liquid was filtered using a sterile filtration assembly. Any additional constituents
that were necessary for each individual medium were added to the medium just before use [12].
Each of the four cell lines required storage at a temperature of 37°C. Any unused medium was
stored in a refrigerator at 2-8°C.
Replacement of Medium/Protocol for Subculture:
The medium for each of the cultured cell lines was replaced every three days. This
procedure was conducted in the biosafety cabinet, which was sterilized using 70% EtOH. The
medium was removed from each individual culture of cells with a clean pipette each time. Then,
the required amount of fresh medium was added.
As the cells began to reach confluence within their dishes/plates, there was a need to
subculture the cell cultures into larger plates. To subculture, first the medium was removed
inside of the biosafety cabinet. Then, the plates of cells were prewashed with a small amount of
0.25% (w/v) Trypsin-EDTA, which was then removed. A subsequent amount of 0.25% (w/v)
Trypsin-EDTA was added to the plate for 5-15 minutes to detach the cells from the
substrate/plate [13]. Once detached, the Trypsin-EDTA solution was discarded and PBS (NaCl
8.5g, KCl O.2g,Na2 HP04.12H20 2.85g, KH2P04 0.27g, in 1L H20) was added to collect cells
from the solution. The solution was then centrifuged at a speed of 125G for 3-5min. The PBS
was then discarded. Once collected, a small amount of medium was added to the dish containing
the detached cells, and the cell suspension was pipetted several times in order to mix the
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medium, rinse the plate, and disperse the cells in an even layer around the entire dish. This is
necessary to guarantee efficient attachment of the cells to the dish. Then the remainder of the
necessary medium was added [12].
There were a few special accommodations that needed to be met in terms of subculturing
for the 3T3-Swiss albino and ARPE-19 cell lines. First, it was very important to subculture the
3T3-Swiss albino cell lines more regularly, as to not allow them to become completely confluent
[13]. Also, it was observed early on that it was difficult for the ARPE-19 cells to reattach to the
dishes after being treated with the 0.25% (w/v) Trypsin-EDT A, therefore, 0.05% (w/v) TrypsinEDTA was used for the duration of the experiment in order to reduce the adverse effects of the
dissociation agent on these cells.
Protocol for Freezing cells:
When there were a large amount of cells cultured in a particular cell line, it was necessary
to freeze numerous samples of each cell line. These cells were saved either for later experiments
or for use in a situation when the cell cultures being used in the experiment are compromised in
some way. To prepare the cells for frozen storage, they were separated and placed in individual
reaction tubes containing ImL of medium. The standard growth medium was replaced by a
medium containing 800 IIIthe standard growth medium containing 10% FBS, 100 IIIFBS, and
100 III DMSO (preservative) for a total of 1 ml. Thus, the total FBS concentration was 20%, with
10% of added DMSO preservative. This same ratio was used for each cell line used. The
reaction tubes were then gradually converted to a frozen state. The prepared reaction tubes were
first transferred from the 37°C incubator to the 2-8°C refrigerator for ~ hour. After this, they
were moved to the -20°C freezer for an additional ~ hour. Finally, the reaction tubes were placed
in the -70°C freezer, and the tubes will remain stored in the -70°C freezer until further use.

2.3 Cytotoxicity of Various S-Phosphorylated

Thiols

In order to test the cytotoxic effect that the S-phosporylated thiols themselves might have
on the cell lines, it was necessary to co-incubate the cell lines with the different compounds at
different concentrations for various lengths of time. For this experiment, 0 11M,20 11M,100 11M
ofWR2721, WR77913 and AET-P04 were co-incubated with ARPE-19, HeLa and CHO-Kl for
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up to 24 hours to find out whether they had an effect on the proliferation of the cell lines. The
results were determined by using the MTT assay analysis.
MTT Assay
The following procedure is necessary in order to conduct a successful MTT assay. First,
1.5x105 cells/well of ARPE-19, Hela CCL-2, and CHO-K1 were seeded in 1ml medium in a 24well plate. After 3 days of incubation, the medium was replaced with 1ml medium containing 0
j.lM, 20 j.lM and 100 j.lM ofWR2721, WR77913 and AET-P04 and further incubated for 24
hours. After this structured incubation time, the medium was discarded and the cells were
washed 3 times gently with Dulbecco's phosphate-buffer saline (PBSA). Then 400 j.llofnew
medium was added to each well, which is the volume of solution that can cover one well of a 24well plate. Then, 40 j.llof MTT reagent was added to each well, and the cells were incubated in
the dark at 37°C for 4 hours. After the required time, the MTT solution was replaced gently with
2 ml of DMSO per well, and the plate was swirled slowly for 10 minutes to make the purple
formazan dissolve. Finally 200 j.llGlycine buffer (0.1 M glycine, 0.1 M NaCI adjusted to pH
10.5) was added into each well to adjust the final pH.

Determining Absorbance and Statistical Analysis:
In order to analyze the results of the MTT assay it is necessary to measure the absorbance
of the DMSO solution containing the cell cultures using the Ocean Optics UV-Vis
Spectrometer. This will determine the viable concentrations of the cell cultures which are
related to the cytotoxicity of the test compounds. The results were then analyzed via t-tests in
order to compare the viability of the cultures co-incubated with the test compounds with the
control cultures.
2.3 N-acetylcysteine Effect on Cell Viability
MTT Assay
The cell lines ARPE-19, HeLa CCL-2 and CHO-K1 were additionally tested with
concentrations of 0 j.lM, 20 j.lM, 100 j.lM of the test compound N-acetylcysteine in order to
determine the effect that NAC has on the viability of the cell cultures. First, 1.5x105 cells/well
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of ARPE-19, Hela, and CHO-K1 were seeded in 1ml medium in a 24-well plate (Table below).
After 3 days of incubation, the medium was replaced with 1ml medium containing 0 J.!M,20 J.!M
and 100 J.!MofNAC and incubated for periods of 6 hours, 12 hours, and 24 hours. After this
structured incubation time, the medium was discarded and the cells were washed 3 times gently
with Dulbecco's phosphate-buffer saline (PBSA). Then 400 J.!lof new medium was added to
each well. This is the volume of solution that can cover one well of a 24-well plate. Then, 40 J.!l
of MTT reagent was added to each well, and the cells were incubated in the dark at 37 DC
for 4
hours. After the required time, the MTT solution was replaced gently with 2 ml ofDMSO per
well, and the plate was swirled slowly for 10 minutes to make the purple formazan dissolve.
Finally 200 J.!lGlycine buffer (0.1 M glycine, 0.1 M NaCI adjusted to pH 10.5) is added into
each well to adjust the final pH.
24-well plate
Incubation time

6h

12h

24h

Blank Gust medium, without NAC and cells)

3 wells

3 wells

3 wells

OJ.!M

3 wells

3 wells

3 wells

20 J.!M

3 wells

3 wells

3 wells

100 J.!M

3 wells

3 wells

3 wells

Determining Absorbance and Statistical Analysis:
In order to analyze the results of the MTT Assay it is necessary to measure the
absorbance of the DMSO solution containing the cell cultures using the Ocean Optics UV-Vis
Spectrometer. This determined the viable concentrations ofthe cell cultures which are related
to the cytotoxicity of the test compounds. The results were then analyzed via t-Test in order to
compare the viability of the cultures co-incubated with the test compounds with the control
cultures.
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Source

Gamma Radiation Dose Calculation
In order to calculate the gamma radiation dose, it was necessary to make the test solution as
following just before its use. To make the solution, 1 mmo1/L of ferrous ammonium sulfate, 1
mmo1/L ofNaCI, and 0.4 mol/L sulfuric acid (in distilled de-ionized water) were combined.
When the solution was irradiated under the gamma source, the ferrous ions were oxidized by
radiation to ferric ions which showed absorption peaks in the ultraviolet light region at a
wavelength of 304nm. After the solution was irradiated for different time, the absorbance was
tested using the ocean optics UV-Vis Spectrometer at 304nm and formulas included in the
associated data table were used to calculate the gamma radiation dose.
3. Data, Results, and Statistical Analysis
3.1 Cell Culture and Cell Maintenance

The Nikon inverted microscope was used to observe the cells on a daily basis. By
observing the cells, it was concluded when a change in the medium or a subculture were
necessary. The following figures (1-4) are representative of the four cell types cultured in this
experiment. The images were taken from the American Type Culture Collection website [13],
and were used as comparison against the cells cultured in this experiment to analyze the health,
proper density, and successful culture of the cell lines.
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ATee Number:
Designation:

Low

Density

CCL-2
HeLa

Salle Bor- 'OO~m

High Density

Figure 1: HeLa cell line (CCL-2) shown in low and high density.
ATee Number: CCL-92
Designation:
313 SwissAlbino

Low

Density

Salle Bor- 100~m

High Density

Saie Bare 100~

Figure 2: 3T3-Swiss albino cell line (CCL-92) shown in low and high density.
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ATee Number:
Designafion:

Low

CCL-61
CHO-Kl

Density

Figure 3: CHO-Kl

Sea.. Bo<' 100~

High Density

(CCL-61) cell line shown in low and high density

Figure 4: ARPE-19 cell line (CRL-2302) as cultured by a previous researcher at
Northern Illinois University.
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All of the cells cultured in this experiment from the HeLa, CHO-Kl and ARPE-19
looked just as the images shown above. There were a total of 17 reaction tubes of frozen HeLa
cells, 22 reaction tubes of frozen CHO-Kl, and 12 reaction tubes of frozen ARPE-19 cells
prepared for cryopreservation.
The complete 3T3-Swiss albino cell line died before any cells were able to be frozen. The
cells proliferated at a rapid rate, thus causing them to come to confluence and eventually die.
There were no surviving 3T3-Swiss albino cells to use for the duration of the experiment.
3.2 Cytotoxicity of Various S-Phosphorylated Thiols
Data
The following table (Table 1) includes the original data and statistical analysis of the
MTT Assay results and measured absorbance values for the cell cultures when exposed to the
test compounds.
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ARPE-19
Compounds
Dose

Original Data

Average
Two Sample
Independent t-Test

WR272 I

WR77913

AET-P04

OJlM

20JlM

100JlM

OJlM

20JlM

100JlM

OJlM

20JlM

100JlM

1.30

1.44

1.48

1.40

1.46

1.48

1.48

1.44

1.50

1.34

1.42

1.40

1.44

1.44

1.52

1.44

1.42

1.48

1.34

1.38

1.38

1.48

1.46

1.54

1.36

1.38

1.42

1.33

1.41

1.42

1.44

1.45

1.51

1.43

1.41

1.47

20JlM andlOOuM are
significantly different with

No significantly difference

No significantly difference

OJlM,p=0.05
HeLa
Compounds
Dose

Original Data

Average

WR2721

WR77913

AET-P04

OJlM

20JlM

100JlM

OJlM

20JlM

100JlM

OJlM

20JlM

100JlM

2.80

2.80

2.88

3.44

3.32

3.68

3.04

3.04

3.36

2.96

2.88

3.12

3.16

3.20

3.44

3.24

3.32

3.48

3.16

3.08

3.44

3.16

3.08

3.44

3.28

3.4

3.52

2.97

2.92

3.15

3.25

3.20

3.52

3.19

3.25

3.45

Two Sample
Independent t-Test

No significantly difference

No significantly difference

100JlM is significantly
different with OJlM,p=0.05

CHO-Kl
Compounds
Dose

Original Data

Average

WR272 I

WR77913

AET-P04

OJlM

20JlM

100JlM

OJlM

20JlM

100JlM

OJlM

20JlM

100JlM

3.00

3.36

3.06

3.36

3.06

3.24

3.66

3.60

3.60

3.06

3.36

3.18

3.36

3.18

3.36

3.42

3.48

3.48

3.06

3.42

3.30

3.24

3.36

3.42

3.48

3.60

3.60

3.04

3.38

3.18

3.32

3.2

3.34

3.52

3.56

3.56

Two Sample

20JlM is significantly

Independent t-Test

different with OJlM,p=0.05

No significantly difference

No significantly difference

Table 1: Original data and Statistical analysis of the cytotoxicity effects of the test
compounds.
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ARPE-19
1.55

1.5

~

~

.!

1.45
1.4

-<

1.35
1.3
1.25
1.2

~
~

.O~M
1!!1I20~M

.

lOO~M

WR 2721 WR 77913AET-P04
Variable Concentrations

of Test Compounds

Figure 5: Graph correlating to data in Table 1 for ARPE-19

HeLa
.O~M

WR2721

WR77913 AET-P04

Variable Concentrations

Figure 6: Graph

correlating

of Test Compounds

to data in Table 1 for HeLa

CHO-Kl
3.6
~ 3.4

.!...=

;;

3.2

3

.Q
-< 2.8
2.6

WR2721

WR77913

AET-P04

Variable Concentrations

of Test Compounds

Figure 7: Graph correlating to data in Talbe 1 for CHO-Kl
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Results

Concentrations of 0 J!M, 20 J!M, and 100 J!M ofWR2721, WR77913 and AET-P04 were
co-incubated with ARPE-19, HeLa and CHO-Kl for 24 hours to detennine the effect on the
viability of these cell lines. The results of MTT assay had the following results.
The 20 J!M and 100 J!M concentrations of WR2721 were significantly different with the
o J!M concentration in ARPE-19. However, from the original data, it was observed that the
difference is related to the fact that the data of 0 J!M ofWR2721 is significantly smaller than
other 0 J!M data in the ARPE-19 group, which should be the same theoretically. This may be
caused by operator error. If the data from 20uM and 100uM ofWR2721 was compared to the
data with other 0 J!M data in the ARPE-19 group, there was no significantly difference.
Therefore, from the above analysis, 20uM and 100uM of WR2721 have no significant effect on
ARPE-19.
Furthennore, 20 J!M ofWR2721 was significantly different with 0 J!M in CHO-Kl,
however, because of the same reason as stated above, 20uM ofWR2721 had no significantly
effect on CHO-Kl.
Finally, 100 J!M of AET-P04 increased the proliferation ofCHO-KI significantly. Based
on this data, preliminary tests involving UV & gamma radiation with 20 J!M ofN-acetylcysteine,
WR2721, WR77913 and AET-P04 co-incubated with these cell lines for 24 hours or less time
were started.
3.3 N-acetylcysteine Effect on Cell Viability
Data
The following table (Table 2) includes the original data, statistical analysis of the MTT
assay, and measured absorbance values for the cell cultures when exposed to the test compounds.
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~ARPE-19

Data

Hela CCI-2

19

CHO-Kl

Co-incubating
6h

Time
Dose of NAC

Original Data

Average

OJlM

20JlM

100JlM

OJlM

20JlM

100JlM

OJlM

20JlM

100JlM

1.52

1.57

1.70

2.10

2.19

2.34

3.36

3.36

3.42

1.51

1.54

1.64

2.28

2.31

2.40

3.60

3.48

3.60

1.52

1.49

1.60

2.34

2.34

2.52

3.48

3.42

3.48

1.52

1.53

1.65

2.24

2.28

2.42

3.48

3.42

3.50

Two Sample

100JlM is significantly

Independent t-Test

different with OJlM,p=0.05

No significantly difference

No significantly difference

Co-incubating
12h

Time
Dose ofNAC

Original Data

Average

OJlM

20JlM

100JlM

OJlM

20JlM

100JlM

OJlM

20JlM

100JlM

1.62

1.64

1.72

2.25

2.46

2.61

3.84

3.72

4.20

1.60

1.64

1.66

2.49

2.58

2.55

3.84

3.72

3.90

1.62

1.62

1.66

2.49

2.58

2.73

3.84

3.84

3.90

1.61

1.63

1.68

2.41

2.54

2.63

3.84

3.76

4.00

Two Sample

100JlM is significantly

Independent t-Test

different with OJlM,p=0.05

No significantly difference

No significantly difference

Co-incubating
24h

Time
Dose ofNAC

Original Data

Average

OJlM

20JlM

100JlM

OJlM

20JlM

100JlM

OJlM

20JlM

100JlM

1.70

1.74

1.74

2.61

2.46

2.61

3.96

4.20

3.96

1.64

1.72

1.76

2.61

2.58

2.79

3.96

3.96

4.02

1.70

1.68

1.72

2.64

2.64

2.76

4.08

4.02

3.90

1.68

1.71

1.74

2.62

2.56

2.72

4.00

4.06

3.96

Two Sample

100JlM is significantly

Independent t-Test

different with OJlM,p=0.05

No significantly difference

Table 2: Effect ofNAC on the viability of ARPE-19, HeLa, and CHO-Kl

No significantly difference
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Results
Concentrations of 0 ~M, 20 ~M, and 100 ~M ofN-acetylcysteine (NAC) were tested in
ARPE-19, HeLa and CHO-K1 cell lines to find out whether NAC has effect on the viability of
these cell lines. The results of the MTT assay showed that 20 ~M NAC had no effect on these
cell lines after co-incubating with cells for 6 hours, 12 hours or 24 hours. However, 100 ~M
NAC increased the proliferation of ARPE-19 significantly after co-incubating with cells for 6
hours, 12 hours or 24 hours (Figure 8). This result was confirmed via the statistical t-test that
was completed for the data.

3.4 Dose Measurement of 137Cs Gamma Source
The following table includes the original data from the dose deasurement of 137
Cs
gamma source. The calculation in the third column is that for determining the concentration of
the dose. This is calculated using the absorbance (A), the path length (1),and the molar
absorbtivity (€). The final column signifies the dose measurement, which is measured in grays.
The results from this calculation will provide the information necessary to determining 1Dso of
gamma radiation for given cell lines.
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Figure 11: Dose Measurement

of 137Cs Gamma Source
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!~

Time (minutes)

A304

c = A304/d

(E=2200M-1cm-1)

D = 9.64X106c/pG (Gy)

0

0.032

1.45455E-05

9.00431

15

0.135

6. 13636E-05

37.98693

30

0.218

9.90909E-05

61.34186

45

0.360

0.000163636

101.2985

60

0.479

0.000217727

134.7833

75

0.577

0.000262273

162.359

90

0.719

0.000326818

202.3156

105

0.840

0.000381818

236.3631

120

0.950

0.000431818
Table 3: Collected Data for Dose Measurement of.137Cs Gamma Source

267.3155

All of the above testing provided the base conditions for the dose ofNAC or Sphosphorylated thiols and their corresponding co-incubation time. This data provided the best
results for the preliminary tests that were started for the UV & gamma radiation tests. These
preliminary tests included determining the 1Dsoof gamma radiation for the cell lines and
determining the viability of the cells after test compound co-incubation and irradiation via UV or
gamma radiation sources.

4. Discussion

The similarity between the HeLa, CHO-K1, and ARPE-19 cells cultured in this
experiment to their corresponding ideal images shown above suggests that this experiment was
successful in adequately culturing these cell lines for the use of the study. These images were
useful in determining the health of the cells being cultured. For these three cell lines there were
several successful subcultures performed, and subsequent samples of frozen cultures.
Unfortunately, there were no 3T3-Swiss albino cells that survived to the end of this experiment.
The issue that arose was that this particular cell line has an incredibly quick proliferation rate.
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Furthermore, these cells are very susceptible to death if they become too crowded in the dishes,
and thus should never be allowed to grow past 50-60% confluence [13]. This was not properly
monitored during the experiment, resulting in a loss of all of the 3T3-Swiss albino cells.
Therefore, only the three remaining cell lines are available for future use. In conclusion, the
procedures as described above were properly followed and adjusted as necessary to create the
most adequate growth environment for the cells.
Once an ample amount of cells from the HeLa, CHO-Kl and ARPE-19 cell lines were
cultured and living in a healthy environment they were used for the cytotoxicity studies. Several
techniques were used to accomplish these goals. These techniques required a surplus of supplies
and test materials to conduct. For example, once an ample amount of cells from the HeLa, CHOKl and ARPE-19 cell lines were cultured they were tested using MTT assay and analyzed using
the ocean optics UV-Vis spectrometer, which tested the toxicity of the compounds by assessing
the viability of the cell cultures after exposure.
Based on the results from the cytotoxicity of various S-phosphorylated thiols experiment,
it was observed that concentrations of20 IlM and 100 IlM of WR272 1 co-incubated with the
ARPE-19 and CHO-Kl showed a significant difference; however this observation was due to
operator error. Once the 0 IlM concentration data for those particular cell lines was compared to
the other controls for those cell lines, it was observed that the results were inconsistent and that
this was what caused the observed difference when there was test compound co-incubation.
Additionally there was an unexplained observed significant difference in the 100 IlM
concentration of AET-P04 when applied to the HeLa cell line.
The conclusion that can be drawn from this data is that the cell proliferation of the
different cell lines when co-incubated with any of the three test compounds is the same, ifnot
better, than the control cell lines. This confirms that the S-phosporylated thiols show no toxic
effects on the cells and thus do not inhibit the proliferation of the cells. Therefore, there would
be no adverse effects affiliated with co-incubating the cells with the test compounds. This is a
necessary characteristic for any compound that is being sought for use as a radioprotector. For
example, it is necessary to determine the cytotoxicity of such compounds to guarantee that the
drug itself will not harm the cells, let alone protect them from ionizing radiation or oxidative
stress.
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Furthennore, the results from the tests analyzing the effect ofNAC on the cells viability
also represented the expected results. The results showed that co-incubation of the ARPE-19 cell
line with 20 11MNAC had no effect on the cell proliferation at any of the time exposures, but coincubation with 100 11MNAC caused a significant increase in cell proliferation in all time
exposures. This suggests that it would be best to conduct any future studies with 20 11MNAC.
This also confinns that NAC has no toxic effect on the cells, and can thus be used in further tests
for this experiment. This also promotes the idea that a developed compound of interest, Nacetyl-S-phosphocysteine (phos-NAC) at this concentration might also have no effect on the
cells. This is important to this study because the overall goal of this cumulative experiment is to
detennine whether S-phosphorylated thiols have an effect on the viability and proliferation of the
cultured cells after exposure to UV and gamma radiation. HeLa and CHO-KI would be used as
controls for this experiment. Furthennore, future studies would include detennining whether or
not phos-NAC could be used as a radioprotector and antioxidant to reduce cumulative toxicity of
radiation exposure (both non-ionizing and ionizing) as well as general oxidative stress.
Since it is thought that N-acetylcysteine has a special function that allows it to reduce the
toxicity effect of radiation exposure on cells, it can furthennore be thought that phos-NAC could
also be expected to possess radioprotective characharteristics. This suggests that it may have the
ability to protect only healthy cells from the toxic effect of radiation because cancer cells lack the
enzymes necessary to induce the function ofphos-NAC as a radioprotector. This suggests that if
an individual were to be administered this compound prior to a radioactive treatment, such as
chemotherapy, the drug would be able to provide protection for the healthy cells in their body
against the radiation. To verify this claim, in future studies the cultured cell lines will be
exposed to the synthesized radioprotectors and then studied to analyze the effect of the
compound on the cells. Using the same techniques as discussed above, including co-incubation
with the radioprotector, UV or gamma radiation, MTT assays analysis and absorbance testing to
detennine the viability of the cells after such treatment, this experiment may confinn the
ratioprotective and antioxidative charatcteristics of the S-phosphorylated thiols,and specifically,
phos-NAC.
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